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(54) X-RAY GENERATING EQUIPMENT 
(57)Abstract: 

PROBLEM TO BE SOLVED: Tb make a degradation of an optical element by scattering 
particles symmetrical with an optic axis. 

SOLUTION: In an X-ray light source using a laser plasma, or an X-ray light source 
using an electric discharge plasma, some fragments of a target material or an 
equipment adheres to a surface of a latter optical element, and the optical characteristic 
is degraded. Although a distribution of an amount of light incident in a fly eye is 
necessary to be symmetrical with the optic axis especially when the light source is used 
as the light source of an X-ray reduction exposure system, the above degradation does 
not become symmetrical with the optic axis. So, in order to make the degradation of the 
optical element due to the scattering particles to be symmetrical with the optic axis, the 



optical element which receives the scattering particle is made to rotate around the optic 
axis as a center. 
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CLAIMS 
[Claim(s)] 

[Claim 1] The X-ray generator using the X-ray which plasma-izes this target 
ingredient and is radiated from this plasma by condensing into the target 
ingredient in the container which had pulse laser light decompressed (below) 
The X-ray generator using the X-ray which plasma-izes a target ingredient by 
discharge and is radiated from this plasma or it is referred to as a laser plasma X 
line source and LPX (below) It sets to call it a discharge plasma X line source. 
The X-ray generator with which the optical element placed into the vacuum 
housing including the optical element or this plasma in which the X-ray radiated 
from this plasma carries out incidence first is characterized by providing the 
device rotated centering on the symmetry axis of rotation inversion of this optical 
element, or the optical axis of an X-ray. 

[Claim 2] The X-ray generator characterized by having a detection means to 
detect the location of said optical element, in an X-ray generator according to 



claim 1 , and having the control means and drive with which it is made for said 
optical element to always become a position based on the signal from this 
detector. 

[Claim 3] The X-ray generator characterized by being the multilayers mirror or 
oblique incidence mirror which said optical element the X-ray from said plasma 
carries out [ an optical element ] incidence first becomes from the spherical 
surface, paraboloid of revolution, an ellipsoid of revolution, the 
symmetry-of-revolution aspheric surfaces, or these compound sides in an X-ray 
generator claim 1 and given in two. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention is used as an X line source of X-ray 
devices, such as an X-ray microscope, an X-rays spectroscopic analyzer, and an 
X-ray aligner, and relates to a suitable X-ray generator. 
[0002] 

[Description of the Prior Art] Pulse laser light is condensed on the target 
ingredient placed into the vacuum housing, a target ingredient is plasma-ized, 
and the laser plasma X line source (below, referred to as LPX) using the X-ray 
radiated from this plasma has brightness to the extent that it is equal to an 
undulator, though it is small. Moreover, X line source using the discharge (PDF) 
plasma of Dense Plasma Focus etc. is small, there is much X dosage, and the 



conversion efficiency to the X-ray to injection power is high compared with LPX, 
and it is low cost. For this reason, LPX and a discharge plasma X line source 
attract attention in recent years as light sources of X-ray devices, such as an 
X-rays spectroscopic analyzer and an X-ray aligner. 

[0003] In LPX or a discharge plasma X line source, a target ingredient serves as 
an atom, and the shape of ion and a fragment (below, these are called scattering 
particle) the plasma and near the plasma again, and the member near the 
plasma is emitted to a perimeter. These scattering particle is adhered and 
deposited on the X-ray optics component put on the perimeter of the plasma, the 
engine performance (a reflection factor, permeability, etc.) of an optical element 
is degraded, or damage is done to an optical element by colliding with an optical 
element. For this reason, it is how one of the technical problems for putting LPX 
and a plasma X line source in practical use reduces scattering particle weight. 
[0004] In order to reduce the problem of a scattering particle , the approach of 
irradiate laser light be use for the cluster which it be made to blow off from a 
nozzle using the matter which be a gas in ordinary temperature as a target 
ingredient ( for example , nitrogen , a carbon dioxide , a krypton , a xenon , etc. ) , 
and be generated by the gas or adiabatic expansion of these target ingredients 



in LPX . Since these target ingredients are gases in ordinary temperature and 
they are not deposited on an optical element, the engine performance of an 
optical element is not degraded. However, the fragment with which the atom, ion, 
or electron of the high speed emitted from the plasma shaved these off by 
colliding with a nozzle or the member near the nozzle, and was shaved off 
disperses around, and accumulates on an optical element For this reason, as 
for LPX of zero, the scattering particle is not realized yet completely. 
[0005] On the other hand, although an electrode material is formed with 
high-melting [ like a tungsten or a tantalum ], and the ingredient of a high degree 
of hardness or it is devising reducing operating voltage etc. in the discharge 
plasma X line source in order to reduce scattering particle weight, it has come to 
make scattering particle weight into zero completely. 

[0006] Moreover, a scattering particle is not necessarily emitted isotropic and is 
emitted with a certain angular distribution. For example, in LPX using a gas jet, 
scattering particle weight increases as there is little scattering particle weight in 
the jet direction of gas and the include angle from a jet shaft becomes large. 
[0007] The illumination-light study system using the fly eye mirror which 
collected the element mirrors of the shape of radii shown to drawing 7 (a) that 



the X-ray intensity distribution on a mask becomes fixed as an illumination-light 
study system of an X-ray contraction aligner is proposed (JP.11-312638.A). 
( drawing 7 (b)) When using such a fly eye mirror and the incidence X-ray has 
X-ray intensity symmetrical with a shaft to the medial axis of a fly eye mirror, the 
reflected light from each element mirror compensates mutually, and suits, and 
the intensity distribution on a mask become fixed. However, to the medial axis of 
a fly eye mirror, an incidence X-ray cannot complement nonuniformity on the 
strength, when unsymmetrical, but the intensity distribution on a mask serve as 
an ununiformity. 

[0008] Since the angular distribution of the X-ray radiated from a gas jet LPX 
generally serves as the symmetry of revolution about to a blow-of-gas shaft, if 
the paraboloid of revolution which sets a revolving shaft as a blow-of-gas shaft is 
arranged on a blow-of-gas shaft, the X-ray which reflected the 
paraboloid-of-revolution mirror becomes the collimated beam which had almost 
symmetrical intensity distribution about the revolving shaft (blow-of-gas shaft), 
and can form the X-ray beam suitable for the above-mentioned illumination-light 
study system. However, the angular distribution of scattering particle emission 
does not necessarily grow into symmetrical angular distribution with the location 



of the plasma and nozzle (in the case of a gas jet LPX) which are generated, or 
an electrode (in the case of a discharge plasma X line source). Therefore, if a 
long duration X line source is operated, when a scattering particle deposits 
asymmetrically to the revolving shaft of an optical element, at the time of a start 
up, it will change to distribution with the unsymmetrical X-ray intensity 
distribution which was the symmetry of revolution. Nonuniformity will arise in 
distribution of the X-ray which illuminates a mask top after long duration 
operation, and it will become impossible for this reason, to imprint a mask 
pattern correctly on a wafer. 
[0009] 

[Problem(s) to be Solved by the Invention] By having been made in view of the 
trouble of such a conventional technique, and providing the device in which an 
optical element is rotated centering on X linear-light shaft, also when the angular 
distribution of scattering particle emission uses unsymmetrical X line source, the 
coating weight of the scattering particle on an optical element comes to become 
the symmetry of revolution, and this invention can maintain the 
symmetry-of-revolution nature of the intensity distribution of reflection or a 
transparency X-ray beam. Consequently, also after operating for a long time, the 



X-ray intensity distribution on a mask is still uniform, and can imprint a pattern on 

a wafer correctly. 

[0010] 

[Means for Solving the Problem] This invention therefore, by condensing into the 
target ingredient in the container which had "pulse laser light decompressed in 
the first place The X-ray generator using the X-ray which plasma-izes this target 
ingredient and is radiated from this plasma (below) The X-ray generator using 
the X-ray which plasma-izes a target ingredient by discharge and is radiated 
from this plasma or it is referred to as a laser plasma X line source and LPX 
(below) The optical element placed into the vacuum housing including the optical 
element or this plasma in which the X-ray which set to call it a discharge plasma 
X line source, and was radiated from this plasma carries out incidence first The 
X-ray generator (claim 1) characterized by providing the device rotated centering 
on the symmetry axis of rotation inversion of this optical element or the optical 
axis of an X-ray" is offered. Since distribution of the coating weight of the 
scattering particle on an optical element will serve as an axial object even if 
scattering particle emission angular distribution is unsymmetrical by doing in this 
way, the intensity distribution of the X-ray beam reflected, penetrated or 



diffracted serve as an axial object. 

[0011] Moreover, this invention provides the second with 'the X-ray generator 
(claim 2) characterized by having a detection means to detect the location of 
said optical element, in an X-ray generator according to claim 1 , and having the 
control means and drive with which it is made for said optical element to always 
become a position based on the signal from this detector." Blurring of the optical 
axis of the X-ray beam produced during rotation of an optical element can be 
dedicated in tolerance by doing in this way. 

[0012] Moreover, this invention provides the third with "the X-ray generator 
(claim 3) characterized by being the multilayers mirror or oblique incidence 
mirror which said optical element the X-ray from said plasma carries out [ an 
optical element ] incidence first becomes from the spherical surface, paraboloid 
of revolution, an ellipsoid of revolution, the symmetry-of-revolution aspheric 
surfaces, or these compound sides in an X-ray generator claim 1 and given in 
two." By using optical elements, such as a spherical-surface mirror, a 
paraboloid-of-revolution mirror, and a rotation ellipse mirror, X-rays can be 
collected efficiently and it can lead to latter optical system. 
[0013] 



[The mode of implementation of invention] This target matter is plasma-ized by 
condensing into the target ingredient in the container which had pulse laser light 
decompressed, the X-rays radiated from this X line source are collected in the 
X-ray generator concerning this invention (claims 1-3) using the X-ray which 
plasma-izes a target ingredient by the X-ray or discharge radiated from this 
plasma, and is radiated from this plasma, and the X-ray-optics component for 
leading to latter optical system is used. 

[0014] The gestalt of invention is concretely explained using drawing 6 . In 
drawing 6 , the laser light 602 is irradiated by the target gas which LPX is used 
as an X line source, and the gas target ingredient is blowing off from the nozzle 
600 at the supersonic speed, and blew off, the plasma 603 is generated, and the 
X-ray is generated. The generated X-ray serves as almost uniform intensity 
distribution in a horizontal plane (inside of a field parallel to laser plane of 
incidence). Then, the paraboloid-of-revolution mirror 604 which has a focus in a 
plasma production location has been arranged as shown in drawing, the X-ray 
emitted from the plasma was reflected, and it has led to the optical system of the 
next step as the parallel flux of light 611 with intensity distribution symmetrical 
with a shaft. Multilayers are produced by the paraboloid-of-revolution mirror 604 



so that the X-ray of predetermined wavelength may be reflected, and the cycle 
length of multilayers is changed so that a reflection factor may become max in 
each point on a mirror. The symmetry axis of rotation inversion of this 
paraboloid-of-revolution mirror is arranged so that it may pass through the 
location of the plasma, and it is the same. [ of the revolving shaft of a mirror and 
the optical axis (symmetry axis of X line source) of an X-ray ] The driving gear 
605 is attached so that this paraboloid mirror can be rotated around an own 
symmetry axis of rotation inversion. Furthermore, this driving gear 605 is 
attached on the straight-line stage 608,609,610 which intersects perpendicularly 
with the GONIO stage 606,607 which intersects perpendicularly mutually 
mutually. (An example of a driving gear) . The displacement sensor 612,613 of a 
contact process is attached in the direction which intersects perpendicularly 
mutually [ the side face of the paraboloid-of-revolution mirror 604, and a rear 
face ]. (In space, since another direction is perpendicularly, it is not illustrated.) 
An example of location detection equipment. Parallel and a perpendicular have 
come out of the side face and rear face of the paraboloid-of-revolution mirror 604 
in a high precision to the symmetry axis of rotation inversion of a 
paraboloid-of-revolution mirror. The output of each displacement sensor is 



inputted into the computer (un-illustrating, an example of a control unit). If a 
revolving shaft blurs while rotating the paraboloid-of-revolution mirror 604, a 
displacement sensor will detect a gap of the location of a mirror, and when a 
computer judges that the amount of gaps had exceeded tolerance, a GONIO 
stage or/and a straight-line stage are driven, and it is made for a mirror location 
to be settled in tolerance. Thus, by having location detection, controlling 
mechanism, and drive of a mirror, even if it rotates a mirror, the variation rate of 
X linear-light shaft which always reflected the mirror is settled in tolerance, and 
does not affect latter optical system. Supposing the precision of a mirror rolling 
mechanism is high and the axial blurring is settled in the include-angle breadth 
of the flux of light permitted by optical system, an above-mentioned mirror 
location detection device, a controlling mechanism, and a drive are good for 
there to be nothing. Hereafter, although an example explains this invention 
concretely, this invention is not limited to these examples. 
[0015] 

[Example] The example of this invention is shown in Fig. 1. The laser plasma X 
line source is used in this example. With evacuation equipment (un-illustrating), 
the inside of a container 100 is exhausted, and laser light carries out aerial 



discharge on the way, or it is decompressed by even pressure which the X-ray 
radiated from the plasma is absorbed and is not decreased remarkably. The 
target ingredient (krypton) is made to blow off in a vacuum housing using the 
gas-jet nozzle 101 made from stainless steel as a target ingredient transmitting 
mechanism in this example. Kr which blew off is effectively exhausted out of the 
vacuum housing by the exhaust air port 104 established in the location which 
counters a nozzle. The target gas which remained in the vacuum housing is 
exhausted by the exhauster (un-illustrating) of vacuum housing attachment. The 
direction of incidence of laser is perpendicular to space, and is carrying out 
incidence towards the side front from the flesh side of space. It is condensed by 
the location of the 0.5mm right above of a nozzle 1 01 with a lens (un-illustrating), 
and the pulse laser light emitted from laser equipment (un-illustrating) generates 
the plasma 102. The configuration of the plasma 102 is a filament-like and the 
magnitude is about 100 micrometers in the direction of a laser optical axis at 
about 300 micrometers, a laser optical axis, and the rectangular direction. 
Moreover, about 500 micrometers of plasma 104 are generated rather than right 
above [ of a nozzle ] at the condenser lens side. 

[0016] Mirror 103 and nozzle 101 location is decided that the plasma 102 comes 



to the focus of the paraboloid mirror 103. the plasma - 102 - from - emitting - 
having had - an X-ray - multilayers -- a coat - carrying out - having had - a 
paraboloid a mirror - 103 - specification - wavelength - an X-ray (for 
example, 13nm) - only -- reflecting - having - parallel -- light ** - carrying out 
having had - after - nickel - (-- nickel -) - a mesh - supporting - having - 
**** - thickness - 150 - nm - a zirconium (- Zr --) - a thin film from - 
becoming the light - a cut radioparency a filter -110- penetrating - the 
next step - X-ray optics - a system - leading - having - **** . This Zr thin film is 
held with the electrode holder 111. The stage group which becomes the lower 
part of the paraboloid mirror 103 from the inclination stage 109 for controlling 3 
shaft direct stage 106,107,108 for determining and controlling the ultrasonic 
motor 105 of the shape of a ring for rotating a mirror around an own symmetry 
axis of rotation inversion and the location of a nozzle and the inclination of a 
nozzle is attached. Each stage can be driven now from the vacuum housing 
outside by the motor. 

[0017] In this example, in order to detect the location and inclination of the 
paraboloid mirror 103, the set of three semiconductor laser and three 
photodiodes is used. Semiconductor laser and a photodiode are arranged at the 



reflector side of a paraboloid mirror, and are put on the location which does not 
interrupt the X-ray which reflected the mirror. Moreover, semiconductor laser is 
placed so that the include angle of 120 degrees may be made mutually 
respectively. It is placed so that a photodiode may make the include angle of 120 
degrees mutually respectively similarly. It is indicated to drawing 2 (a) that this 
situation is intelligible. This is drawing seen from the latter optical-system side. It 
reflects in one point of the paraboloid mirror 200, and incidence of the beam 
which came out of semiconductor laser 201 is carried out to a photodiode 204. 
After reflecting by that of a mirror side similarly to other two semiconductor laser 
202,203, incidence is carried out to a photodiode 205,206, respectively. As for 
the point that the outgoing radiation light from semiconductor laser is irradiated 
on the paraboloid mirror 200, the include angle of 120 degrees is made mutually. 
The light-receiving side of each photodiode is divided into four like drawing 2 (b), 
and can take out now the signal from each light-receiving side. Each signal from 
a photodiode is inputted into the computer (one of the control units) 
(un-illustrating). Where the alignment of the optical system of a nozzle location, a 
paraboloid mirror, or the latter part is completed, all the signal outputs (three 
pieces x the 4th page = 12) from a photodiode are memorized to the storage in a 



computer. This will be in the initial state of this system. After starting operation of 
LPX, the paraboloid mirror 103 is rotated by the ultrasonic motor 105. Rotational 
speed may be slow as long as the rotational speed at this time has few 
scattering particle burst sizes per unit time amount depending on the sticking 
rate of the scattering particle from the plasma. Conversely, if a sticking rate is 
quick, it is necessary to rotate a high speed. Since the gas jet LPX currently 
used by this example is the light source with few burst sizes of a scattering 
particle, it is made to rotate by 1 rotation / time amount at this example. If the 
alignment of a mirror shifts during rotation, the attainment location on the 
photodiode of the reflected light of semiconductor laser will change. 
Consequently, change arises in the value outputted from four light-receiving 
sides in each photodiode. If the difference of each output value of the 
light-receiving side in each photodiode and the value of each light-receiving side 
of an initial state exceeds tolerance, it will judge that alignment shifted, an 
inclination stage and a straight-line stage will be driven, and it will be made to be 
settled in tolerance. Since signal change of each photodiode of four 
light-receiving sides shows in the which direction the mirror shifted at this time, 
each stage is driven so that that gap may be canceled. By doing in this way, 



even if it rotates a mirror, change of the optical axis of an X-ray can be stored in 
tolerance, and latter optical system is not affected. Moreover, even if the angular 
distribution of scattering particle emission is uneven, the axial symmetry nature 
of the X-ray after mirror reflection is not spoiled. 

[0018] In this example, X-ray filter 1 10 is placed into the same chamber. For this 
reason, the scattering particle from the plasma is deposited also on this filter 110. 
If the angular distribution of a scattering particle is unsymmetrical, it will deposit 
asymmetrically also on this filter, consequently a transparency X linear-light 
bundle will become unsymmetrical. So, in this example, the ring-like ultrasonic 
motor 112 is attached in the periphery section of the electrode holder 111 with 
which the X-ray filter is attached, and it rotates around the medial axis of X 
linear-light bundle. Since the scattering particle weight deposited on a filter by 
making it this appearance serves as axial symmetry about X linear-light shaft, 
the symmetric property of a transparency X linear-light bundle does not collapse. 
In addition, though the revolving shaft has blurred somewhat in the case of the 
filter, since change of permeability is very slight, the position transducer of a filter 
is not attached. By rotating a filter, the quantity of light nonuniformity of the 
transparency X-ray by support members, such as a mesh supporting the 



nonuniformity and the filter of thickness of a filter, can be eased. This is effective 
especially when performing multiplex exposure of a soft-X-ray contraction 
aligner etc. Uniform velocity is sufficient as the rotational speed of a mirror and a 
filter, and it is good also as adjustable according to the operation situation of X 
line source. Moreover, turning a hand of cut to an one direction may be 
continued, and you may enable it to rotate it in both directions. 
[0019] Although the paraboloid mirror was used in this example, this may be a 
spherical-surface mirror and may be a rotation ellipse mirror. Or you may be the 
aspheric surface mirror of the symmetry of revolution. Moreover, these spherical 
surfaces, a paraboloid, ellipsoid, and the aspheric surface may be formed with a 
single substrate, the substrate divided into two or more segments may be unified, 
and the field approximated to these field or these may be formed. 
[0020] Although the photodiode divided into four was used in this example, the 
number of partitions may have not only this but still more two or at least three. 
Moreover, it does not need to be divided. Instead of a photodiode, 
two-dimensional detectors, such as 1 -dimensional detectors, such as a 
photodiode array, and CCD, may be used. 

[0021] Although laser is used for measuring the variation rate of a mirror in this 



example, a variation rate may be measured using what kind of technique, such 
as not only this but a sensing-pin type displacement gage, an eddy current 
sensor, a supersonic sensor, and an electrostatic-capacity sensor. 
[0022] The location of a mirror may be arranged in any direction to the plasma. 
Drawing 3 is the example which was with the discharge plasma X line source 
called Dense Plasma Focus (DPF) to X line source. In this drawing, only the 
polar zone (the anode electrode 300, cathode electrode 301) of DPF is shown, 
and the power supply section is not illustrating. In this example, the multilayers 
paraboloid mirror 305 is put on the longitudinal direction to the electrode. The 
drive and location detection device of a mirror are omitted in this drawing. 
[0023] What is necessary is just to rotate the direction of a normal as a shaft in 
the case of a flat-surface mirror. A gas jet LPX is used for the light source at 
drawing 4 , and the case where a multilayers flat-surface mirror is used is shown. 
In this case, the multilayers flat-surface mirror 404 can rotate the direction AA of 
a normal now as a shaft. The drive and location detection device of a mirror are 
omitted even in this drawing. 

[0024] Although the multilayers mirror was used in the above-mentioned 
example, you may be an oblique incidence mirror using total reflection. The 



example using the oblique incidence paraboloid-of-revolution mirror 502 is 
shown in the light source at drawing 5 using DPF. In this drawing, only the polar 
zone (the anode electrode 500, cathode electrode 501) of DPF is shown, and 
the power supply section is not illustrating. 

[0025] In this example, a mirror is rotated centering on the object shaft of 
paraboloid of revolution (BB), i.e., the optical axis of an X-ray. The drive and 
location detection device of a mirror are omitted even in this drawing. Although 
paraboloid of revolution is used in this example, you may be the mirrors 
(WORUTA mirror etc.) which otherwise combined ellipsoids of revolution and 
these fields. 

[0026] Although what used the gas jet is used for LPX in an above-mentioned 
example, this may be LPX which used the cluster, the liquid (drop), and the 
particle. Moreover, not only Kr but a xenon (Xe), a carbon dioxide (C02), a 
lithium (Li), etc. may be what kind of matter, and the target ingredient used for 
LPX or a discharge plasma X line source may be the mixture and the compound 
containing these matter. 

[0027] Moreover, although DPF is used as a discharge plasma X line source in 
the above-mentioned example, this may be the discharge plasma X line source 



of what kind of other gestalten. For example, you may be Z pinch plasma, the 

capillary tube discharge plasma, etc. 

[0028] 

[Effect of the Invention] Since it has a means to rotate the optical element placed 
[ near / as for which the X-ray radiated from the plasma carries out incidence first 
/ an optical element or near the plasma ], even if a scattering particle is emitted 
by uneven spatial distribution from the plasma as mentioned above according to 
this invention, on an optical element, a scattering particle deposits at axial 
symmetry. Consequently, the axial symmetry nature of the X-ray beam which 
reflected or penetrated the optical element is maintained. Therefore, in the 
optical system as which the incidence of an X-ray beam symmetrical with a shaft 
is required, even if it carries out long duration operation of the X line source, the 
engine performance of optical system is not reduced. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 
[Drawing 1] It is the example of this invention. 

[Drawing 2] They are the detail drawing (a) of the mirror section of drawing 1 , 
and the detail drawing (b) of a photodiode. 
[Drawing 3] It is the 2nd example of this invention. 
[Drawing 4] It is the 3rd example of this invention. 
[Drawing 5] It is the 4th example of this invention. 

[Drawing 6] It is the schematic diagram showing the gestalt of this invention. 



[Drawing 7] They are an example (a) of the structure of a fly eye mirror, and an 
example (b) of an X-ray illumination-light study system. 
[Description of Notations in the Main Part] 

100 - Vacuum housing, 101 - A nozzle, 102 -- Plasma, 103 - A 
paraboloid-of-revolution multilayers mirror, 104 - Exhaust air port, 105 - An 
ultrasonic motor, 106 - X-axis straight-line stage, 107 - A Y-axis straight-line 
stage, 108 - Z-axis straight-line stage 109 [ - A filter holder, 112 / - Ultrasonic 
motor / 1 1 3 - Pulse bulb ] -- An inclination stage, 1 10 - A light cut radioparency 
filter, 111 

200,201,202 - Semiconductor laser, 204,205,205 - Photodiode 

300 - Anode electrode 301 [ 305 - Paraboloid-of-revolution multilayers mirror ] 

~ A cathode electrode, 304 - Plasma 

400 - Nozzle 401 [ 403 - Laser light, 404 - Multilayers flat-surface mirror ] - A 
pulse bulb, 402 - Plasma 

500 - Anode electrode 501 [ 503 - A beam stopper 504 - Plasma ] - A cathode 
electrode, 502 - Oblique incidence paraboloid-of-revolution mirror 
600 - Nozzle 601 [ 603 / 605 / 608 / 610 / 612.613 - Contact process 
displacement sensor / - An X-axis straight-line stage, 61 1 - Reflected X-rays / - 



V 



A Z-axis straight-line stage, 609 Y-axis straight-line stage / - A rotation driving 
gear, 606,607 - GONIO stage / - The plasma 604 - Paraboloid-of-revolution 
multilayers mirror ] - A pulse bulb, 602 - Laser light 

700 - Fly eye mirror 701 [ 703,704 / 706 / 708 - Contraction projection optics, 
709 - Silicon wafer / - A flat-surface mirror, 707 - Mask / - A fly eye mirror 705 
- Condensing mirror ] A unit reflector, 702 - Parallel X-ray beam 
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